Of all imaging modalities, ultrasonography is most frequently limited by body habitus (11) . Subcutaneous fat attenuates the sonographic signal by 0.63 dB/cm and may place the area of interest outside of the focal depth of the probe (16) . These factors lead to poor sonographic visualization of the abdominal organs, masses, and fluid collections, leading to higher rates of nondiagnostic percutaneous biopsies and bleeding complications (17) . Basic strategies to improve image quality include selecting a lower frequency probe for deeper visualization, alternative patient positioning, and firmer manual compression of patient tissue. For instance, in renal biopsy, supine anterolateral positioning improves patient comfort and breathing without impact on diagnostic yield or complications compared with the prone position (18) . When abdominal structures cannot be visualized well with ultrasonography, computed tomography guidance should be used (Fig. 1) .
In summary, obesity diminishes imaging quality. Strategies to improve image quality include alternative patient positioning, increasing kVP or pulse rates, selecting different ultrasonography probes, and ultimately consideration of alternative imaging modalities.
Challenges in equipment availability and selection
Prior to starting a procedure, IR providers must confirm that appropriate equipment is available. Measurement of the distance from skin to target on preprocedure imaging is essential, as the additional tract length from skin to target can result in greater movement of catheter tip position with changes in body position ( Fig. 2) (19) . As a result, catheter retraction and malposition are more common in the obese patient (Fig. 3) . IR physicians must assure availability of appropriately sized devices, such as biopsy needles of sufficient length.
Obese patients may exceed the manufacturer specified equipment weight limit of IR equipment and additional ancillary staff may be needed to assist in moving these patients (20) . For example, the industry standard weight limit for a fluoroscopy table is 159 kg with a maximum aperture diameter of 45 cm (16) . If the equipment is suitable for the patient's weight, tape or straps may still be needed to safely secure the patient given that tables used in IR are typically narrow. Other strategies include placing the center of gravity of the patient in the middle or on the caudal aspect of the fluoroscopy table and avoiding moving the table during the procedure. Instead, the image intensifier should be moved to minimize mechanical damage to the table and injury to the operator. Hospitals handling a high volume of obese patients have introduced dedicated patient lift teams and have reported a reduction in pressure ulcers and staff injuries (21) . For IR suites that treat many obese patients, mechanical lifts can be installed to assist staff in safely moving patients.
Equipment for monitoring and safely sedating obese patients must also be available, such as extra large blood pressure cuffs. Elevating the head of the fluoroscopy table, for instance, may help to ventilate patients more effectively. Patients with BMI >40 kg/m 2 may not be safely cared for in outpatient clinics and are best triaged to settings where such equipment and additional staff support is available.
In summary, IR physicians should be aware of a history of obesity before starting a procedure, to assure that appropriate instruments are available. Specialized equipment such as patient lifts should be incorporated to promote patient and staff safety.
Main points
• The number of obese patients treated in interventional radiology is increasing, due to the rising epidemic of obesity, and because of the complications of obesity requiring invasive treatments.
• Obese patients pose challenges in imaging quality and in equipment selection and availability, which may be addressed with a variety of strategies, including the selection of alternative imaging modalities and assuring specialized equipment is available before the patient presents for the procedure.
• Periprocedural management of sedation, airway, blood pressure, and glycemic control are particularly difficult in the obese population and can be addressed with a multidisciplinary approach engaging the support of anesthesiologists, endocrinologists, and internists.
• Obese patients are also at greater risk for procedure-related complications and reduced efficacy of certain interventions, which may be addressed with technical strategies and close follow-up, to mitigate these risks. 
Intraprocedural airway management
Obese patients may be poor candidates for conscious sedation because of problems with airway patency and management. Factors predicting airway complications while undergoing general anesthesia include neck diameter >16.5 inches, micrognathia, history of hypertension, polycythemia, and right ventricular hypertrophy on imaging or electrocardiography (22) . Functional residual capacity decreases exponentially with increasing BMI, due to mass loading of the diaphragm (23) , which is particularly true for patients undergoing prolonged procedures and those requiring prone positioning. Obese patients must work harder to breathe because of decreased lung and chest wall compliance, often resulting in low tidal volumes and a high respiratory rate (24) . Obese patients therefore have increased oxygen requirements, shorter times to desaturation during apnea, and hypoventilation during spontaneous ventilation while supine. Tilting the head of the table up and avoiding sedatives when possible can help mitigate these risks.
Obesity is strongly associated with obstructive sleep apnea (OSA) (25) . In patients with OSA, the American Society of Anesthesiologists recommends general anesthesia with a secure airway as opposed to deep sedation without a secure airway for invasive procedures (26) . Whereas radiology nurses typically only administer midazolam and fentanyl, anesthesiologists may administer ketamine and/or dexmedetomidine, medications that are associated with less respiratory depression (27) . tory of using CPAP at home should instigate a referral to anesthesiology for procedures requiring sedation. To assess for readiness for discharge to an unmonitored setting, the patient with OSA should be examined in an unstimulated setting, preferably while asleep. In summary, a history of OSA or right ventricular hypertrophy, BMI >40 kg/m 2 , or a finding of significant neck diameter or micrognathia contraindicate conscious sedation by radiology nursing and should prompt an anesthesiology consultation if procedural sedation is needed. Avoiding sedation whenever possible and considering patient positions that can promote ventilation can decrease the risk of hypoventilation during procedures.
Intraprocedural sedation management
The physiologic changes of the respiratory and cardiovascular systems in obese patients alter the distribution, elimination, and effect of sedative medications. The net effect of these physiologic changes can increase or decrease the required dose of sedatives (22) . A prospective study of over 1000 obese patients found that high BMI and low anesthesiologist expertise were strong predictors of propofol sedation-related complications, highlighting the fact that the increased risk of sedation in obese patients can be managed by experienced providers (28) . Dosing sedatives in obese patients by ideal body weight will result in subtherapeutic doses, whereas using total body weight (TBW) will result in overdoses (29) . For instance, pharmacokinetic models overestimate fentanyl doses in the morbidly obese, with dosing error increasing with TBW. One study provides a useful chart for dosing fentanyl in obese surgical patients. For example, a patient with TBW of 120 kg should be dosed at a pharmacokinetic weight of 93 kg (30) . Dose adaptations are also necessary for midazolam to avoid oversedation, but no numerical guidelines exist (31).
In summary, obese patients may require alteration of doses of fentanyl and midazolam to achieve conscious sedation. However, doses should not be based on TBW, as oversedation may result. Pharmacokinetic models based on population data help to provide rational drug dosing, but real-time drug titration by a dedicated professional focused on both the physiology and pharmacology will increase the likelihood of successfully managing individual patients' needs.
Periprocedural glycemic management
Patients with BMI >40 kg/m 2 are seven times more likely to have type 2 diabetes mellitus (DM) (32) . Hyperglycemia leads to impaired chemotaxis and phagocytosis of neutrophils, decreased complement function and subsequent vulnerability to infection and multiorgan dysfunction, whereas hypoglycemia can lead to potentially life-threatening complications (33) . To reduce the risk of pulmonary aspiration, all patients are instructed to be nil per os (NPO) on the day of an IR procedure, which can complicate periprocedural glycemic control, while stress associated with procedures also increases variance of glucose levels (34) .
The Society of Ambulatory Anesthesia (SAMBA) consensus statement provides several recommendations on periprocedural glycemic management (35) . First, review of patient history (hemoglobin A1c in the past 3 months, type of antidiabetic therapy, diabetic symptoms, and any related hospitalizations) will reveal how well controlled the patient's diabetes is. Outpatients with diabetes are best scheduled for procedures in the morning to limit the time that they deviate from their normal antidiabetic agent regimen. For patients treated with insulin, specific recommendations can be obtained from the prescribing provider that clearly outline how the antidiabetic regimen should be modified in the periprocedural setting. Type 2 diabetics may use multiple types of insulin in complex treatment regimens. Insulin should be held or given with a modified dose, as patients are NPO (Table 2 ). Oral antidiabetic agents are held on the day of the procedure and resumed when patients are eating again.
Patients with ketosis-prone type 2 DM and type 1 DM are at risk for diabetic ketoacidosis (DKA) (36, 37) . For type 1 DM and ketosis-prone type 2 DM, continuous use of basal insulin is needed to prevent DKA. Patients that use a chronic subcutaneous insulin pump can generally continue the pump without adjustment for procedures less than 4 hours as long as appropriate intraprocedural point-of-care (POC) blood glucose (BG) testing is performed. For procedures longer than 4 hours, patients likely need a subcutaneous basal insulin or a continuous intravenous insulin infusion (38) .
POC BG levels should be obtained for all diabetic patients immediately prior to procedure, every 2-4 hours during the procedure, at the conclusion of the procedure, and just prior to discharge. Ideal BG levels range between 80-180 mg/dL (35) . BG >180 mg/dL is not a contradiction to procedures, as short-term hyperglycemia carries few complications and can be tolerated in the absence of significant sequelae. BS >250 mg/dL should be treated with an appropriately selected sliding scale correction dose of rapid-acting insulin (Table 3) . Subcutaneous insulin, both short-(e.g., regular) and rapid-acting (e.g., aspart and lispro), requires time for onset of action and acts over several hours (Fig. 4) . Insulin will continue to lower glucose for 4-6 hours. Following insulin administration, frequent POC BG assessment every 1-2 hours is reasonable to ensure that BG does not decline too rapidly. BG obtained before an administered insulin dose has achieved its full effect may remain elevated, but should not be interpreted as a dose failure. Additional insulin doses given too soon can lead to "insulin dose stack- ing" which can cause sudden and serious hypoglycemia (39) . Waiting 4 hours after administration to determine the effect is warranted before considering another correction dose. In unusual cases where rapid correction of elevated BG is necessary (e.g., BG >400 mg/dL), an alternative is to administer regular insulin intravenously as a rapid intravenous bolus, which is typically given only following consultation with an endocrinologist.
Signs of severe hypoglycemia are masked by conscious sedation, necessitating frequent monitoring during procedures entailing sedation. Hypoglycemia can be treated with 50 mL of 50% dextrose intravenously over 5 min. POC BG should be measured 15 min after dextrose administration and this process repeated until BG >100 mg/dL and stable without additional dextrose for at least 30 min following moderate hypoglycemia (BG, 40-70 mg/dL) or for at least an hour following an episode of severe hypoglycemia (BG, <40 mg/dL). In emergent situations where intravenous access is lost, 1 mg intramuscular glucagon can be given to temporize, and an appropriately escalated level of medical response should be initiated to restore intravenous access (35) .
In summary, review of history including the amount of insulin the patient uses daily is essential in managing periprocedural hyperglycemia. Once a correction has been made, a sufficient time period of 4 hours should elapse before further routine correction doses are administered. Due to rapid fluctuations in NPO patients under stressful conditions and the masking of hypoglycemia by sedatives, frequent blood sugar monitoring every 1-2 hours is required to optimize care.
Hypertension management
Obese patients are more likely to have hypertension, due to a multifaceted pathophysiology involving insulin resistance and renal derangement among other factors (40) . All patients are at risk for acute elevations in blood pressure during a procedure because of pain-induced sympathetic stimulation and recent discontinuation of oral antihypertensive medications. Peripheral vascular procedures like those commonly performed in IR are considered high risk for acute hypertensive events (41) . Diastolic blood pressure ≥100 mmHg is a risk factor for arterial access site bleeding and hematoma (42) . This risk is increased in the obese patient where thick subcutaneous tissue limits the effectiveness of manual arterial compression. Hypertensive emergency, defined as blood pressure of >180 mmHg systolic or >110 mmHg diastolic, with symptoms of end-organ impairment manifesting with headache, blurred vision, chest pain, stroke or myocardial ischemia, can be a life-threatening condition and prompt admission.
Prevention of hypertensive emergency is preferred to treatment. This requires consulting the patient's primary physician or cardiologist to craft a medication plan that can include using long-acting oral preparations of the patient's regimen for several days before the procedure. Patients are always instructed to continue outpatient antihypertensive regimens, including on the morning of the procedure. Particular caution is warranted for patients undergoing adrenal interventions, or arterial intervention for renovascular hypertension, particularly during the immediate postprocedure period. In a hypertensive emergency (blood pressure >180 mmHg systolic or >110 mmHg diastolic with evidence of end organ damage), the goal is to decrease blood pressure over 30-60 min in conjunction with volume expansion with normal saline to prevent hypotension. Preferred agents include nicardipine and labetalol because they have a short onset and short duration of action, are easy to titrate, and have been shown to be safe in the treatment of perioperative hypertension (43) . Hydralazine is generally not recommended in the treatment of hypertensive emergency because the half-life of its effect on blood pressure is about 10 hours and dependent on an individual patient's hepatic acetylation and inactivation (44) .
More commonly, IR doctors will be managing nonemergent hypertension. Again, nicardipine and labetalol are the preferred agents (Table 4) . With hydralazine, it is recommended to stay on the lower end of the proposed range, given its length of action and unpredictable patient response. When assessing the obese patient's readiness for discharge to an unmonitored setting, blood pressure should be less than ±15%-30% the value on entering the IR suite, according to the commonly used postanesthesia modified Aldrete Score (45) .
In summary, obese patients are more likely to have baseline hypertension and therefore will be more likely to have periprocedural hypertension and hypertensive emergencies. Nicardipine and labetalol are preferred agents with a goal of restoring a blood pressure within 15%-30% of the patient's preprocedural level. Medical consultation may be required in refractory or emergent cases.
Postprocedure management, complications, and outcomes
Obesity and diabetes are associated with infectious complications, such as postprocedure catheter site infections (46) and surgical site infections after abdominal procedures (47) . Deep skin creases, particularly at the groin, are susceptible to increased friction and moisture, which can lead to intertrigo and proliferation of Staphylococcus aureus and Candida albicans (48) . The obese abdominal pannus can interfere with arterial access and access site monitoring and healing, increasing the risk of infection. The choice and dosing of periprocedural antiobiotic prophylaxis may be influenced by comorbidities such as DM or renal failure.
Beyond infectious complications, vascular complications may also result after common femoral arterial access. A study of over 5000 patients undergoing coronary angiography and/or percutaneous coronary intervention demonstrated that high (>35 kg/m 2 ) BMI patients have increased rates of pseudoaneurysm, large hematoma, arteriovenous fistula, or need for transfusion or surgical vessel repair (49) . During the procedure, the pannus can be taped and secured away from a groin access site. Other strategies include using vascular closure devices and extended manual compression times.
Radial artery access is gaining popularity in interventional suites, may especially help in arterial access for obese patients and has been well studied in the setting of coronary intervention. For all patients, radial access is associated with decreased major hemorrhagic complications (50, 51) . Radial access may be especially important in reducing access complications (52) and is the strongest independent predictor of low vascular complications in obese patient, with an odds ratio of 0.12 (49) .
Postprocedural deep vein thrombosis (DVT) prophylaxis is particularly important in the obese patient, as obesity may be associated with increased risk of venous thromboembolism (53) . Obese patients have decreased physical activity and higher levels of inflammation and restriction of venous flow by subcutaneous fat. Obese patients may be less likely to receive appropriate DVT prophylaxis. Weight-based dosing at 0.5 mg/kg (TBW) of enoxaparin for the morbidly obese may be more appropriate than the standard fixed dosing of 40 mg/day (54) .
Finally, beyond complications, obese patients may not experience similar efficacy of liver-directed therapies. For example, increased intraperitoneal fat is associated with higher recurrence rates of nonviral, nonalcoholic HCC following percutaneous thermal ablation. Three years after treatment, 75% of patients in the high visceral fat area cohort had recurrent HCC, compared with only 43% of patients in the control group (9) . This association is thought to be due to the metabolic and inflammatory effects of obesity, which is supported by other investigations that have demonstrated that insulin resistance is associated with an elevated HCC recurrence rate in patients treated with radiofrequency ablation (55) .
Objective patient counseling regarding these poorer outcomes is advised during initial consultation to set patient expectations and to potentially motivate weight reduction strategies that could improve outcomes. More frequent postprocedure imaging in obese patients may be warranted but has not yet been studied. Participants in a large study of patients undergoing lifestyle modification for weight loss reported a "medical event" as the most common trigger for their weight loss attempt (56) . The affiliated urgency of many IR procedures does not usually afford the time for significant preprocedure weight loss. Educating referring medical providers about the risks of obesity in regard to IR procedures may be more effective and appropriate than attempts to counsel weight loss directly to the patient.
In summary, obese patients are at greater risk of infectious and vascular access complications, venous thromboembolism, and potentially worsened outcomes after liver-directed therapy. More careful wound monitoring, vascular closure devices or radial access, weight-based modifications of heparin dosing, and realistic and direct postprocedure patient education are strategies that may help mitigate these challenges.
Conclusion
Providing safe and effective care to the obese patient is challenging, but knowledge of the risks will assist the IR physician in minimizing complications and increasing efficacy. The challenges of imaging the obese patient can be met with appropriate selection of imaging modality and equipment. Early recognition of problems with airway and sedation will allow the IR physician to make appropriate choices, including involving anesthesiologists and medical consultants where necessary. Having a collaborative relationship between radiology and consulting services promotes patient safety, efficiency, and procedural success. IR providers should understand symptoms, complications, and treatments for hypertension, sleep apnea, and diabetes, to better communicate with referring providers. Lastly, it is the responsibility of the IR provider to educate patients and referring physicians on the effects of obesity on treatment effectiveness.
